To correct a lower limb deformity, orthopedic surgeons must have an exact understanding of the deformity. In general, preoperative planning is carried out using anterior-posterior (AP) and lateral radiographs. However, for severe cases with a combination of angular and rotational deformities of the lower limb, obtaining true AP and lateral radiographs is difficult and accurate calculation of the rotational deformity from radiographs is impossible. In this report, we propose to focus on preoperative assessment using three-dimensional (3D) reconstruction images of computed tomography (CT) scans for severe lower limb deformity in a patient with bilateral fibular hemimelia type II according to the AchtermanKalamchi classification. She underwent bifocal deformity corrections of the bilateral tibiae using Taylor spatial frames in combination with the Ilizarov external fixator. Complete bony union was achieved, without angular deformity or limb length discrepancy.
Introduction
For the assessment and correction planning of lower limb deformities, true anterior-posterior (AP) and lateral radiographs are used [1, 2] . However, two-dimensional preoperative planning can lead to errors and failure to achieve optimal correction in patients with severe lower limb deformities. Furthermore, accurate calculation of the rotational deformity is impossible from radiographs. In this paper, we describe three-dimensional computed tomography (3D-CT) assessment and planning for severe lower limb deformity in a patient with bilateral fibular hemimelia type II according to the Achterman-Kalamchi classification [3] . Deformity correction and bony union were achieved using Taylor spatial frames (TSF) [4] [5] [6] in combination with the Ilizarov external fixator [7] [8] [9] [10] .
Case Report
A 16-year-old girl with bilateral type II fibular hemimelia according to the Achterman-Kalamchi classification [3] complained of severe valgus deformity and flexion contracture in both knees with anteromedial bowing of the tibiae. She had not been treated for the fibular hemimelia before her first visit to our hospital. A fulllength AP view standing radiograph and lateral radiographs of the limbs were taken (Figures 1(a)-(c) ). Although she thought this position neutral, these radiographs were not taken in the patella forward position. The radiographs did not provide any correct assessments of the deformities.
For accurate assessment, we performed 3D-CT. Using a volume rendering technique (Aquarius Net Viewer workstation, TeraRecon, Inc., San Mateo, CA) [11, 12] , we were able to see by changing the rendering image to highlight skin layers, muscles and bones that her legs were externally rotated in the supine position (Figures  2(a)-(f) ). On the same volume rendering workstation, we adjusted the image of her legs to adjust the patella forward (Figures 3(a) and (b) ) and the femoral condyles in overlapping position (Figures 3(c) and (d) ) which provided true AP and lateral images, respectively. These 3D images of her lower extremities revealed that the femurs had no deformities in normal alignment with the knees fully extended (Figure 3(e) ). Knee flexion and valgus deformity was due to tibial valgus and procurvatum just distal to the tibial tubercle. Two centers of rotation of angulation (CORAs) were identified in each tibia. The magnitude of valgus deformity in the right tibia at the proximal CORA was 60˚ and at the distal CORA was 27˚, and in the left tibia was 26˚ and 16˚, respectively. The corresponding magnitude of procurvatum deformity in the right tibia was 50˚ and 38˚ and in the left tibia was 30˚ and 11˚, respectively. For assessment of the rotation deformity, the caudo-cranial view of the lower legs (bird's eye view) was used (Figure 3(f) ). This view of the left lower leg revealed approximately 40˚ internal tibial torsion; It is difficult to accurately calculate this torsion because of severe angular deformity and deficiency of the fibula and lateral rays of the foot.
Ideally, two osteotomies would be performed at the two CORAs simultaneously (bifocal tibial osteotomy with gradual deformity correction). However, we had to choose a staged operation because of the severity of the deformities. There was not enough space on the concave posterolateral aspect of the tibia to put three external fixator rings. At the first operation, osteotomy was performed just distal to the tibial tubercle (proximal CORA) and a TSF was put on each tibia (Figures 4(a)-(h) ). On the right side in which subluxation of the knee with cruciate ligament deficiency was evident, an Ilizarov ring fixator bridging the knee joint was added to prevent the further subluxation during deformity correction (Figures  4(a) and (b) ).
Eighty-five days after the first operation when gradual deformity correction had provided enough spaces, a second osteotomy was performed on each tibia, at the distal CORA, with the third ring attaching to the middle of the tibia and the Ilizarov ring fixator bridging the knee joint was removed (Figures 5(a)-(h) ). Bifocal correction was performed at both CORAs using a TSF in combination with an Ilizarov external fixator system. On the left tibia, bifocal correction including rotation at the proximal CORA was achieved without problems. However, on the right side, anterior subluxation of the knee had progressed during deformity correction after the second operation. To reduce anterior knee subluxation, we reattached the Ilizarov ring fixator bridging the knee joint on the right femur at 60 days after the second operation. Ten months after the first operation, deformity correction and bony union were achieved bilaterally and the external fixators were removed.
At the latest follow-up evaluation, although anterior subluxation of the right knee was still existed, she was able to walk with a knee brace on the right side. Active range of motion of the right and left knees were 0 -90 degree and 0 -120 degree, respectively, with enough muscle strengths. Plain radiographs demonstrated complete bony union without angular deformity or limb length discrepancy (Figures 6(a)-(d) ). This patient and her parents were informed of the purposes of the instructive case report and gave permission for us to submit our findings to a scientific journal using radiographs, images of CT scans and photographs, they were ensured that we do not include or reveal any personal information which might directly identify the patient.
Discussion
In patients with severe lower limb deformities complicated by angular and rotational deformities, it can be difficult for surgeons to gain a precise understanding of the nature of the problem. Preoperative assessment from radiographs is typically inaccurate because true AP and lateral radiographs are hardly obtained and physical measurements are not reliable. The resulting misunderstanding of the deformities can therefore lead to errors and failure to achieve deformity correction.
The development of 3D-CT has revolutionized the field of imaging in a variety of orthopedic surgeries. Reconstructed 3D-CT images have been widely used for preoperative planning [13] [14] [15] [16] [17] [18] . Here we conducted a 3D-CT assessment of alignment for lower limb deformities using such images. A volume rendering technique [11, 12] also allows generating images similar to X-ray images, which enables the magnitude of angulation to be measured from reconstructed AP and lateral images and rotation deformity to be calculated from the bird's eye view.
However, there are several disadvantages to this method. First, radiation exposure of helical CT is still higher than that of plain radiographs, although recent helical CT scanning offers a marked reduction in the radiation dose while maintaining image quality. Second, in the current filmless environment, physical measurement tools on the displayed 3D images have not been available, yet. When performing a 3D assessment using reconstructed 3D images we had to print these 3D images. We performed a malalignment test and measured the magnitude of angulation on paper because calculating the length and angle three-dimensionally is impossible on the displayed image. Despite the higher level of radiation exposure in a 3D-CT scan, there are several advantages of 3D-CT assessment over traditional radiography: 1) ease of obtaining true AP and lateral images, 2) accurate assessment including rotational deformity, 3) no need for repeat visits to radiology, 4) no dependency on the patient's position during scanning, and 5) the ability to view skin, muscle, tendon, and bone by changing the rendered image to highlight them.
Conclusion
In the present case, the reconstructed 3D-CT images made accurate assessment of the severe lower limb deformities easier, and bifocal correction without nonunion or limb length discrepancy was achieved using TSFs in combination with Ilizarov external fixator. Our experience suggests that 3D-CT assessment for severe lower limb deformities such as the current case is a valuable tool for precisely understanding deformities and performing accurate correction.
